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Sgo1 plays a key role in protecting sister chromatid cohesion during mitosis. In this issue of Developmental
Cell, Wang et al. describe a shorter splice variant of Sgo1 (sSgo1) that functions specifically in centriole
cohesion. sSgo1 may be the ‘‘glue’’ that holds paired centrioles together in an engaged state before their
disengagement in late mitosis.Centrosomes are the major microtubule-
nucleating center in most mammalian
cells. Despite recent advances, many
aspects of centrosome dynamics, func-
tion, and regulation remain enigmatic.
However, it is clear that centrosomal
events are tightly coordinated with cell
cycle events. Both centrosome duplica-
tion and chromosome duplication occur
in S phase. Duringmitosis, two duplicated
centrosomes, each comprising a pair of
perpendicularly oriented (engaged) cen-
trioles surrounded by a pericentriolar
matrix, migrate to opposite poles and
establish the mitotic spindle that serves
to pull the condensed chromosomes to
opposite ends of the cell. Upon entry
into anaphase, the two centrioles at
each spindle pole separate or disengage,
and this event is believed to restrict cen-
trosome duplication to once per cell cycle
(Tsou and Stearns, 2006). Centriole disen-
gagement is mediated by separase, a
cysteine protease that also plays a role
in sister chromatid separation (Nasmyth
et al., 2000).
Sister chromatids are held together by
the cohesin protein complex, which re-320 Developmental Cell 14, March 2008 ª20sides along chromosome arms and at
centromeres (Nasmyth et al., 2000). In
prophase, polo-like kinase 1 (Plk1) activity
promotes removal of cohesin from chro-
mosome arms, but not from centromeres
(Waizenegger et al., 2000). It is not until
early anaphase, when all sister chromatid
pairs are properly attached and aligned at
the mitotic spindle, that centromeric co-
hesin is destroyed by separase, triggering
sister chromatid segregation (Waizeneg-
ger et al., 2000). The delay in clearance
of cohesin is due to the presence of Shu-
goshin (‘‘guardian spirit’’ in Japanese), or
Sgo1, an evolutionarily conserved protein
that protects cohesin at centromeres
(McGuinness et al., 2005; Salic et al.,
2004). Gregson et al. (2001) showed that
cohesin is also associated with the spin-
dle poles, but did not uncover its role.
Taken together, these data raised the
intriguing possibility that an analogous
separase-cohesin system operates in
centriole cohesion, and that a protector
analogous to Sgo1 prevents premature
disengagement.
In this issue of Developmental Cell,
Wang and colleagues (Wang et al., 2008)08 Elsevier Inc.now provide evidence that sSgo1,
a smaller variant of full-length Sgo1, is re-
quired for maintaining paired centrioles
together in an engaged state in early mito-
sis. Sgo1 and sSgo1 are the two major
isoforms expressed in mammalian cells,
and they are differentially localized
(Wang et al., 2006). The full-length protein
localizes preferentially to kinetochores,
while sSgo1, which is about half the size
of Sgo1, is targeted specifically to centro-
somes at the mitotic spindle. Depletion of
Sgo1 effectively reduces the levels of
both isoforms and causes both premature
sister chromatid separation and centriole
separation. Considered together, these
data suggest dual functions: Sgo1 is re-
sponsible for sister chromatid cohesion
and sSgo1 appears to be required for
centriole cohesion.
Several lines of evidence support this
novel concluded function for sSgo1. First,
ectopic expression of an Sgo1 deletion
mutant (Sgo11–196) induces centriole
disengagement. Sgo11–196 localizes pref-
erentially to the mitotic spindle, where it
probably exerts a dominant-negative ef-
fect on sSgo1. Second, introduction of
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PreviewsFigure 1. A Model Illustrating the Respective Roles of Sgo1 and sSgo1 during Mitosis
In metaphase, Sgo1 protects centromeric cohesin from degradation. sSgo1 may prevent premature centriole separation by itself, or it may protect spindle pole
cohesin (X) from degradation. Plk1 activity antagonizes the guardian function of Sgo1 but triggers proper localization and function of sSgo1. At the onset of ana-
phase, cohesin, Sgo1, and possibly sSgo1 and X are destroyed, thus promoting sister chromatid separation and centriole disengagement. P denotes a phosphate
group.sSgo1 rescues premature centriole sepa-
ration, but not sister chromatid separa-
tion, in Sgo1-depleted cells. More impres-
sively, expression of sSgo1 dramatically
reduces centriole disengagement in hap-
loinsufficient Sgo1+/ mouse embryonic
fibroblasts. Together, these data provide
compelling evidence for a role of sSgo1
in centriole cohesion.
Much is known regarding the regulation
of Sgo1 at a molecular level. Sgo1 is
thought to protect centromeric cohesin
by shielding cohesin, along with itself,
from the activities of Plk1 during early
mitosis (Clarke et al., 2005; McGuinness
et al., 2005). Precisely how this is
achieved mechanistically is not com-
pletely understood, although it is specu-
lated that Sgo1 collaborates with protein
phosphate 2A to counteract the actions
of Plk1 (Tang et al., 2006). The intimate
connection between Sgo1 and sSgo1
begs the question of whether Plk1 is
also involved in regulating the function of
sSgo1. Wang and colleagues in fact
show that Plk1 physically interacts with
sSgo1. Depletion of Plk1 or expression
of an sSgo1 mutant refractory to Plk1
phosphorylation prevents localization of
epitope-tagged sSgo1 to the mitotic spin-
dle, suggesting that phosphorylation of
sSgo1 by Plk1 is required for correct
localization. Expression of an sSgo1
phosphorylation site mutant also induces
centriole disengagement, supporting thenotion that Plk1-mediated phosphoryla-
tion not only targets sSgo1, but also al-
lows sSgo1 to exert its protective function
on the paired centrioles at the spindle
poles. Intriguingly, depletion of Plk1 sup-
presses centriole disengagement in-
duced by Sgo11–196. In the absence of
Plk1-mediated phosphorylation, Sgo11–196
is presumably not properly targeted to the
mitotic spindle and is not able to exert
a dominant-negative effect. Does this
finding imply that ablation of Plk1 alone
is sufficient to inhibit centriole cohesion?
Given that depletion of Plk1 has a modest
effect in promoting centriole disengage-
ment, there must be other regulators
responsible for regulating sSgo1’s locali-
zation and perhaps function. Othermitotic
kinases, such as Cdks, Aurora kinase,
and protein kinase A, are reasonable can-
didates.
In principle, sSgo1 could enforce cen-
triole cohesion using a similar mechanism
to Sgo1-mediated protection of centro-
meric cohesion, although details clearly
differ between the two pathways (Fig-
ure 1). Several unresolved questions
remain, such as whether sSgo1 also
serves a protective function to maintain
paired centrioles in an engaged state
during S and G2 phases, and how
sSgo1 is displaced from the mitotic spin-
dle at the proper time. If Plk1 phosphory-
lation is critical for proper localization,
perhaps a dephosphorylation event in-Developmentalvolving a phosphatase could trigger
sSgo1 removal from the mitotic spindle
(Figure 1). In this regard, the roles of phos-
phorylation and dephosphorylation are
reversed in sSgo1 as compared with
Sgo1. Also, the removal of sSgo1 from
spindle poles could correlate with the tim-
ing of anaphase promoting complex, sep-
arase activity, or both. sSgo1 possesses
a separase cleavage motif, suggesting
that it may be a potential substrate of
this protease. Alternatively, sSgo1 may
be degraded in a manner similar to
Sgo1, via the anaphase promoting
complex pathway (Salic et al., 2004). The
characterization of sSgo1 is an essential
stepping stone toward understanding
the molecular mechanisms underlying
centriole disengagement and centrosome
function.
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The regulation of many targets of th
scriptional switch that is achieved by
that b-catenin’s intrinsic affinity for T
The Wnt/b-catenin signaling pathway
plays many crucial roles in specifying cell
fates during animal development and in
regenerating adult tissues. In addition,
this pathway is linked to several patholog-
ical states, most notably colorectal can-
cer. Many of the transcriptional responses
to Wnt/b-catenin signaling are mediated
by the TCF/LEF-1 (TCF) family of tran-
scription factors. Several TCFs are known
to repress Wnt targets in the absence of
signaling, but upon pathway activation,
b-catenin enters the nucleus and binds
to TCF on the target chromatin, creating
a transcriptional activation complex. Is
b-catenin’s intrinsic affinity for TCF suffi-
cient to switch TCF from the repression to
the activation state? Two recent papers
shed some light on this question. One re-
ports that two previously characterized
co-repressor subunits bind to b-catenin
and are required to stabilize the b-catenin-
TCF interaction. The other suggests that
this interaction may be regulated by ubi-
quitination of APC, a well-known negative
regulator of the Wnt/b-catenin pathway.
The first report from Li and Wang (2008)
concerns Transducin b-like protein 1
(TBL1) and TBL1-related protein (TBLR1).
These proteins are components of the
SMRT-nuclear receptor corepressor (N-
CoR) complex, where they have been
shown to recruit E3 ubiquitin ligases to
facilitate the replacement of corepressors
with coactivators (Perissi et al., 2004).
322 Developmental Cell 14, March 2008 ª200Tsou, M.F., and Stearns, T. (2006). Nature 442,
947–951.
Waizenegger, I.C., Hauf, S., Meinke, A., and
Peters, J.M. (2000). Cell 103, 399–410.naling: Turning th
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e Wnt/b-catenin signaling pathway
b-catenin binding to TCF transcrip
CF is not sufficient for the switch t
Similarly, the Drosophila homolog of
TBL1, known as Ebi, facilitates proteoso-
mal degradation of the fly N-CoR homolog
SMRTER (Tsuda et al., 2002). In addition,
TBL1 binds to the E3 ubiquitin ligase
components Siah-1 and Skp1 to promote
b-catenin degradation (Matsuzawa and
Reed, 2001). Despite the extensive
connections between TBL1, TBLR1, and
proteosomal degradation, Li and Wang
(2008) foundnoevidence for theseproteins
influencing b-catenin turnover in their
system. In addition, the proteosome does
not appear to contribute to the function of
TBL1andTBLR1 inpromotingWnt/b-cate-
nin signaling.
Using siRNA, Li and Wang found that
TBL1 and TBLR1 are required for activa-
tion of several targets by Wnt signaling in
cell culture. Both proteins interact with
b-catenin in coimmunoprecipitation as-
says. When TBL1 or TBLR1 are depleted,
the pathway still promotes nuclear accu-
mulation of b-catenin, but its recruitment
to Wnt response element (WRE) chroma-
tin is dramatically reduced. Conversely,
TBL1 and TBLR1 are recruited to several
WREs in aWnt- and b-catenin-dependent
manner. Thus, binding of b-catenin, TBL1,
andTBLR1 toWREs ismutally dependent.
Interestingly, TBL1 (but not TBLR1) can be
immunoprecipitated by TCF4, andTBL1 is
present at some WREs even in the ab-
sence of Wnt stimulation. This suggests
a model where interactions between
8 Elsevier Inc.Wang, X., Yang, Y., and Dai, W. (2006). Cell Cycle
5, 635–640.
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this issue, 331–341.e Switch
9, USA
is thought to occur through a tran-
tion factors. Recent work indicates
o occur.
TBL1, TCFs, and b-catenin reinforce the
complex on WREs, which is required for
subsequent recruitment of transcriptional
coactivators necessary to activate target
gene expression (see Figure 1).
One interestingmechanistic question re-
maining is whether TBL1 and TBLR1 play
distinct roles in stabilizing the TCF-b-cate-
nincomplex.Theprotein interactionassays
cited above suggest they may have differ-
ent roles, but experiments where TBLR1
is used to rescue TBL1 siRNA-treated cells
(and vice versa) may be informative.
This report extends the importance of
TBL1 and TBLR1 in Wnt/b-catenin gene
regulation in two important ways. First,
the key findings were reproduced in Dro-
sophila cell culture. Second, the authors
demonstrate that depletion of TBL1 or
TBLR1 greatly reduced activation of Wnt
targets in a well-characterized colorectal
cell line lacking functional APC. This de-
crease in target gene activation had
a striking effect on the ability of these cells
to grow on soft agar. In addition, the inva-
sive nature of head and squamous cell
carcinoma cells transfected with b-cate-
nin was greatly curtailed by TBL1 or
TBLR1 knockdown, as was the growth
of these cells into tumors in nude mice.
These results clearly demonstrate both
the evolutionary conservation of these
factors in the pathway and suggest that
strategies to interfere with their function
might have great therapeutic value.
